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[57] ABSTRACT 
N x N microwave multiplex switch matrix for use on 
multi-transponder satellites. Incoming signals on any 
of the N input conductors can be selectively chan 
neled to any of the N output conductors through sin 
gle pole-single throw switching elements. Cascaded 
directional couplets are utilized in an equal power 
splitter arrangement to transfer equal portions of the 
incoming signals to each of the output conductors. 

9 Claims, 7 Drawing Figures 
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MICROWAVE MULTIPLEX SWITCH 

BACKGROUND OF THE INVENTION 

In communication satellite technology, there exists 
what is known as the multitransponder satellite. As the 
name implies, such satellites use a plurality of transpon 
ders coupled to a plurality of antennas for relaying sig 
nals from various locations on the earth to various 
other locations. Generally spot beam antennas, mean 
ing that their beam apertures are localized, rather than 
global coverage antennas, are used. For example, in a 
relay satellite serving designated areas A, B, C and D, 
a pair of A spot beams may serve as receiving and 
transmitting antennas forarea A, while a pair of B spot 
beams serve as receiving and transmitting antennas for 
area B. Likewise, areas C and D have antenna pairs as 
sociate therewith. The capacity of a satellite system 
using spot beam antennas is increased through a reuse 
of the frequency spectrum. That is, the same frequency 
may be used by stations in each area A, B, C, and D to 
transmit and receive signals via the respective spot 
beam antennas which provide the required isolation 
amongst the stations. 
A multitransponder satellite must have the capability 

of relaying signals emanating from any of the desig 
nated areas to any of the other areas as well as back to 
the originating area. Thus, for example, signals emanat 
ing from a station in area B and intended for other sta 
tions in area A, C, and D must be transferable through 
the satellite to the transmitting spot beam antennas as 
sociated with the areas A, C, and D serviced by the sat 
ellite. It is therefore necessary to provide on board the 
satellite an interconnecting system which can function 
to provide selectively closed path links from each ofthe 
receiving antennas to each of the transmitting anten 
nas. Such an interconnecting system must be capable 
of providing a large number. of such path links, as well 
as being relatively compact and reliable. 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide a reliable, 
compact and lightweight interconnecting system for 
use on a multitransponder satellite to provide selec 
tively closed path links from each of the receiving an— 
tennas to all of the transmitting antennas. 

It is a further object of the invention to provide the 
interconnecting system via an N input by N output mul 
tiplex switching matrix, each of the N input conductors 
being selectively coupled to any one or more of the N 
output conductors through single pole-single throw 
(SPST) switching elements. 
The above objects are accomplished in accordance 

with the teachings of this invention by constructing a 
multiplane N X N switching matrix having N input con 
ductors positioned in a ?rst plane, coupled to the re 
ceiving antennas through suitable receivers and N out 
put conductors in a second plane, parallel to the ?rst 
plane, and coupled through suitable transmitters to the 
transmitting antennas, the output conductors being po 
sitioned substantially normal to the input conductors. 
The SPST elements are preferably formed from PIN 
diodes. Further, in addition to the SPST switching ele 
ments, the path links may includecascaded directional 

' couplers functioning as an equal power splitter. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a representation of a multitransponder satel 
lite servicing four de?ned areas; 
FIG. 2 is an illustration of one embodiment of the in 

vention using microstrip conductors; 
FIG. 3 is a schematic drawing of the microwave mul 

tiplex switching matrix of the present invention; 
FIG. 4 is a drawing of a ?rst embodiment of the 

switching mechanism forming part of a path link; 
FIG. 5 illustrates a second embodiment of the switch 

ing mechanism; 
FIG. 6 shows a third embodiment of the switching 

mechanism; and 
FIG. 7 illustrates a modi?cation of the basic switch 

matrix whereby redundancy is built into the switch ma 
trix. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 illustrates a multitransponder satellite 2 serv 
ing areas A, B, C and D. Associated with each area is 
at least one pair of satellite antennas, a receiving an 
tenna4 and a transmitting antenna 6..It is to be under 
stood that although only one pair of antennas is illus 
trated with respect to each area served by the satellite, 
additional pairs of antennas responsive to other carrier 
frequencies or planes of polarization may be associated 
therewith. In the description that follows, it will be as 
sumed that all transmissions to the satellite regardless 
of their area of origination have a common carrier fre 
quency, while all transmissions from the satellite are 0 
another common carrier frequency. - 

Associated with'each receiving antenna 4 is a re 
ceiver 8, while for each transmitting antenna 6 there is 
a transmitter 10. In order to provide path links from 
each of thereceiving antennas to all of the transmitting 
antennas, there is provided an interconnecting system 
12 in the form of a microwave multiplex switch matrix. 
It is the switch matrix for use on the multitransponder 
satellite to which this invention pertains. 

FIG. 2 illustrates one embodiment of the multiplex 
switch matrix of the invention. In this embodiment, mi 
crostrip conductors are utilized. However, other types 
of conductors such as strip line conductors may also be 
used. Further, FIG. 2 illustrates the use of directional 
couplers l4 and 15 at each crossover point to transfer 
incoming signals on an input conductor 16 to an output 
conductor 18 through a switching mechanism compris~ 
ing SPST switching elements 19 and 21 and a crossover 
conductor ,30. 

In the microstrip con?guration, input conductors 16 
are positioned parallel to each other on a suitable di 
electric substrate 22. On the opposite side of dielectric 
substrate 22 is a ground plane 24. A ground plane 26 
of a microstrip transmission line which includes output 
conductors 18 abuts ground plane 24. The output con 
ductors l8,_are separated from the ground plane 26 by 
a suitable dielectric susbstrate 28 and are positioned 
normal to the input conductors. Each of the input con 
ductors is connected through conventional connectors 
to a receiver associated with a receiving antenna. Thus, 
input conductor 16 denoted input A would be con 
nected tothe receiver associated with the receiving an 
tenna assigned to area A. Similarly, the input conduc 
tor l6 denoted input B would be connected to the re 
ceiver associated with the receiving antenna assigned 
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to area B. In a like mannenthe output conductors are 
connected to the transmitters associated with-the vari 
ous transmitting antennas. Thus, output conductor 18 
labeled output A would be connected to the transmitter 
associated with the transmitting antenna assigned to 
area A. 

Signals on an input conductor 16 are selectively 
transferred to any one of the N output conductors 18 
by a selectively closed path link which in the preferred 
embodiment includes input and output conductor di 
rectional couplers and a switching mechanism com 
prised of SPST switch elements 19, 21 and a crossover 
conductor 30. In the con?guration of FIG. 2, a ?rst 
SPST switching element 19 is positioned coplanar with 
the input conductors while the second switching ele 
ment 21 is coplanar with the output conductors. It 
should be understood, however, that the teachings of 
this invention do not require the use of two switching 
elements and that a single switching element may be 
utilized. However, as will be explained below, the utili 
zation of two elements provide operating advantages 
over the use of the single switching element. Further, 
directional couplers are used as an equal power splitter 
to tap signals off the input conductor and supply them 
to the output conductors. The use of the directional 
couplers will be explained more fully below. However, 
path links between input and output conductors can be 
formed without directional couplers by directly tapping 
off signals from the input lines. With the direct tap-off 
procedure, the spacing between switching mechanisms 
associated with a crossover input conductor must be 
carefully controlled along with the impedance of these 
mechanisms and the conductors which link the switch 
ing mechanisms to the input and output conductors. 
The spacing and impedance control requirements are 
necessitated by the requirement off equal power tap-of 
at each crossover point and high quality impedance 
match. 
FIG. 3 is a schematic representation of the direc 

tional coupler embodiment of the N X N multiplex 
switch matrix of the present invention. Like elements 
in FIGS. 2 and 3 carry common designations. For ex 
ample, line A in FIG. 3 corresponds to input conductor 
16 designated input A in FIG. 2. Similarly, the direc 
tional coupler 14, located coplanar with the input con 
ductors in FIG. 2 is labeled 14 in FIG. 3. Each of the 
directional couplers are properly terminated in a con 
ventional manner to provide proper matching at all 
coupler ports. The particular termination depends 
upon the line impedance. Thus, for a 10 ohm input con 
ductor, directional coupler 14 would be terminated in 
a 10 ohm impedance. In this manner, the switch matrix 
has a ?at frequency response over a wide frequency 
range. 
As previously indicated, the directional couplers 14 

are constructed such that they form an equal power 
splitter. That is, assuming 10 milliwatts of input power 
on an input line 16 and ten output lines 18, l milliwatt 
of power should be tapped off at each crossover point 
1A, IB, IC,... IN where the ?rst letter in each letter pair 
designates a row or input conductor while the second 
letter designates a column or output conductor. Thus, 
the crossover points associated with input conductor A 
are AA, AB, AC,. . . AN. To accomplish this, the direc 
tional couplers 14 associated with each input conduc 
tor such as input conductor A are con?gured so that 
one-tenth of the input signal power (one milliwatt in 
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4 
the given example) is tapped off at crossover point AA. 
Thus, the directional coupler 14 associated with the 
crossover point AB sees only 9 milliwatts of power. The 
AB directional coupler 14 is constructed to tap off one 
ninth of the received power to provide 1 milliwatt of 
power to output conductor B. Generally, for N output 
lines, successive directional couplers looking in a direc 
tion away from the signal input terminal of an input 
conductor 16 are con?gured to produce coupling coef 
ficients of UN, I/N-l , 1/N—2. . . and 1/2. At the cross 
over point AN no directional coupler is required. Di 
rectional couplers which can be so con?gured are de 
scribed in the publication by Matthaei, Young and 
Jones, Microwave Filters, Impedance Matching Net 
works and Coupler Structures, McGraw Hill, 1964. 

Preferably, the switching elements 19 and 21 of the 
switching mechanism 23 are PIN diodes. The use of 
two such switching elements is preferred over the use 
of a single element for greater isolation is achieved with 
the two switching elements con?guration, the spacing 
between these elements being set at M4 (or an odd 
multiple of M4) where h designates the wavelength of 
the input signal. Three con?gurations for the switching 
mechanism 23, each using PIN diodes are illustrated in 
FIGS. 4, 5 and 6, respectively. Like elements in FIGS. 
2-6 are commonly designated. 
With reference to FIG. 4, a switching mechanism can 

be comprised of series connected PIN diodes 32 and 34 
as the switching elements 19 and 21 respectively. These 
diodes are selectively biased into conduction by bias 
source 36 connected to their cathodes. The two diodes 
would be spaced apart by a distance equal to M4. 
Through the transforming action of the transmission 
line when the diodes are so spaced, any stray capaci 
tance or inductance associated with the diode package 
and mounting structure will be effectively cancelled. In 
order to optimize the switching speed of the PIN diodes 
they are connected in parallel with respect to the bias 
source 36. At this point it is noted that with respect to 
alternating current (AC) signals the PIN'diodes appear 
as bidirectional elements. It should also be noted how 
ever, that although the two diode con?guration is dis 
closed with respect to the preferred embodiments of 
the invention, the invention should be construed as in 
cluding the single diode con?guration as well (or num 
bers of diodes greater than 2). 

In a series diode connection scheme, a closed path 
link is provided at a selected crossover point by biasing 
the diodes at that point into forward conduction. The 
diodes associated with the remaining crossover points 
common to the input conductor carrying the input sig 
nals remain in their back biased state. 
FIG. 5 shows a modi?cation of the switching mecha 

nism 23 illustrated _ in FIG. 4. In this con?guration, 
added redundancy is built into the system by including 
series connected diodes 42 and 44 in parallel with se 
ries connected diodes 32 and 34. Should a diode 32 or 
34 fail to operate, diodes 42 and 44 complete the path 
link between an input conductor and a selected output 
conductor. , 

FIG. 6 illustrates another con?guration for the 
switching mechanism 23. In this con?guration, switch 
ing element 19 is in the form of a PIN diode 32 con 
nected in parallel with a second PIN diode 34 function 
ing as switching element 21. The cathodes of these di 
odes are common and grounded while the bias source 
36 is coupled to their anodes. In operation, a closed 
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path link is formed at any of the crossover points by 
rendering conductive all of the diodes associated with 
the particular input conductor carrying the input sig 
nals, except the diodes at the desired ‘crossover point. 
For example, let it be assumed that signals on input 
conductor A are to be transferred to output conductor 
B. Thus, the diodes associated with crossover points 
AA, AC. . . AN are rendered conductive while the di 
odes at crossover point AB remain non-conductive. A 
disadvantage of this con?guration over the series con 
?guration is that greater power must be utilized in 
order to effect the closed path link since in this con?gu 
ration 2N - 2 diodes must be rendered conductive while 
in the series con?guration only two diodes are rendered 
conductive. 
Further redundancy can be added to the multiplex 

switch matrix by incorporating into the matrix unas 
signed rows and columns as illustrated in FIG. 7. If the 
switching elements at crossover point AB, for example, 
fails, an alternate path may be formed to link a signal 
from input conductor A to output conductor B via re 
dundant row conductor rrl and redundant column con 
ductor rd. The switching elements associated with 
crossover Ar.‘ and r,, B would be activated to provide 
a closed path link between input conductor A and out~ 
put conductor B through column conductor rd and row 
conductor r,,. 
When the switch of this invention is incorporated 

into a multitransponder satellite, the selective activa 
tion of the bias sources to provide the required closed 
path link may be synchronized with the transmission of 
signals from the ground stations. For example, signal 
transmissions from serviced areas may be destination 
coded. That is, the signals are arranged in time slots in 
accordance with their destination. During a ?rst time 
slot area A may transmit signals destined only for area 
B for example, while during the next time slot signals 
from area A would all be destined to area C. If areas A, 
B, C and D are to communicate simultaneously, then 
during the ?rst time slot all transmissions from area B 
may be directed to area A, while transmissions from 
area C may be directed to area D and transmissions 
from area D to area C. 
Although not a part of this invention, the closing of 

the switching elements may be simply controlled by a 
clock and time decoder (not shown) on board the satel 
lite, the decoder being coupled between the clock and 
the bias sources 36. The timing of the transmissions 
from the ground stations would be preassigned to cor 
respond to the clocking sequence generated by the 
time decoder. As an example, one output from the time 
decoder would be coupled to the bias sources 36 of 
crossover points AB, BA, CD and DC. Since the activa 
tion time of these bias sources is known in advance, 
transmissions from A, B, C and D directed to areas B, 
A, D and C would be made to begin in time coinci 
dence with the closing of the path links at crossover 
points AB, BA, CD and DC. 
Although the above description discloses the pre 

ferred embodiment of the present invention, it is obvi 
ous that artisans in the art could make various modi? 
cations within the scope, of the present invention and 
accordingly, the aforementioned should be interpreted 
in accordance with the following claims. 
What is claimed is: 
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6 
l. A microwave multiplex switching matrix compris 

mg; 
N parallel input conductors positioned in a first 
plane; 

N parallel output conductors positioned in a second 
plane and normal to said input conductors; 

N equal power splitter means associated, respec 
tively, with said N input conductors, each said 
equal power splitter mean having N ports for re 
ceiving lI/N of the signal power applied to said 
input conductor; 

N equal power combiner means associated, respec 
tively, with said N output conductors, each said 
equal combiner means having N input ports; and 

a plurality of selectively closeable microwave switch 
ing means, each said switching means connected, 
respectively, between one port of one of said equal 
power splitter means and one port of one of said 
equal power combiner means, the total plurality of 
switching means being arranged so that the N ports 
of any single power splitter are connected, respec 
tively, to N ports of all N equal power combiner 
means. . ‘ 

2. A switching matrix as claimed in claim 1 wherein 
each of said equal power splitters comprises N direc 
tional couplers arranged in sequence along said con 
ductor, each of said couplers having an impedance 
matching termination and being connected to one of 
said microwave switching means. 

3. A switching matrix as claimed in claim 2 wherein 
said directional couplers are arranged with respect to 
said input conductor so that the one nearest the input 
end of said conductor picksoff V l_/ N _o__f__t__he power on the 
conductor where said directional coupler is located, 
the next adjacent directional coupler picks off l/N-l of 
the power appearing on the conductor where said di 
rectional coupler is located, and each succeeding direc 
tional couglanrégksofi llN-tgf thapgwsr» Where X is 
a number representing the number of directional cou 
plers from the one nearest the said input end. 

4. The switching matrix of claim 3, wherein said input 
conductors are positioned parallel with respect to each 
other, said output conductors are positioned parallel 
with respect to each other and said output conductors 
are positioned normal to said input conductors. 

5. The switching matrix of claim 4, wherein said 
switching means are single pole single throw switches. 

6. The switching matrix of claim 5, wherein said sin 
gle pole single throw switches are PIN diodes. 

7. The switching matrix of claim 5, wherein each said 
switching means includes two PIN diodes connected in 
series opposition. 

8. The switching matrix of claim 5, wherein each said 
switching means includes two parallel connected PIN 
diodes. 

9. The switching matrix of claim 5, wherein at least 
one of said input conductors and at least one of said 
output conductors form redundant conductors, 
wherein the switching means associated with said re 
dundant conductors provides selectively closeable 
paths from any other of said input conductors to any 
other of said output conductors via said redundant con 
ductors. 

* 11 * 1k * 
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